INTRODUCTION
============

In the morbidity and mortality profile of children and adolescents, accidents stand out. National data show that 20% of accidents occur with children, 50-60%occur at home and 12.1 to 14.4% cause fractures (second only to falls).[@B1] European studies show that 30-50% of young people will suffer from a fracture up until 17 years age.[@B2] ^,^ [@B3] ^,^ [@B4] ^,^ [@B5] A series of intrinsic and extrinsic factors, in addition to a trauma, are involved in causing a fracture. It is important to identify whether these fractures signal underlying bone fragility, ie, osteoporosis.

Chronic inflammatory diseases associated with long-term use of glucocorticoids (GCs) are the main causes of secondary osteoporosis.[@B6] ^,^ [@B7] ^,^ [@B8] ^,^ [@B9] In childhood and adolescence, these drugs are mainly used for the treatment of asthma, in addition to rheumatologic and autoimmune diseases. The risk of fracture increases considerably after starting continuous corticosteroid therapy and decreases with the same intensity upon discontinuing the treatment.[@B10] ^,^ [@B1]An excess of these steroids deviates bone remodeling toward reabsorption.[@B6] ^,^ [@B10] ^,^ [@B12]

Adequate nutrition and the relationship between bone and muscle tissue play a prominent role in bone health. Calcium and vitamin D are fundamental nutritional factors in this regard.[@B13] Obesity has a controversial effect, but can act as a mechanical stress on the bone, stimulating mineral and bone mass accumulation.[@B14] Genetic, endocrine and mechanical factors simultaneously alter muscle and bone metabolism.[@B15] Muscle activity is essential for bone formation and growth.[@B16] Among environmental factors, nicotine, the main component of cigarettes, has been associated with the suppression of osteogenesis.[@B17]

National and regional studies that analyze the association of multiple variables, especially with regard to the use of glucocorticoids and fractures in children and adolescents, can contribute to the establishment of more specific preventive and therapeutic measures. Furthermore, they can reinforce the need for corticoid therapy to be applied more carefully.

This study, therefore, aimed to verify if there is an association between the use of glucocorticoids and fractures in children and adolescents treated in a trauma hospital. In addition, we aimed to compare the demographic and trauma profile, body mass index (BMI), physical exercise, milk intake and household smoking in groups of patients that had and did not have fractures.

METHOD
======

In the period from April to October 2015, a case-control study with convenience samples was carried out. Children and adolescents who had suffered a physical trauma, had or did not have fractures, and were attended at the pediatric emergency room of the Hospital da Restauração (Recife, Pernambuco) during that period, were recruited for the investigation. The Research Ethics Committee (*Comitê de Ética em Pesquisa* - CEP) from the hospital approved the research. The search for patients happened twice a week, including on the weekends.

The inclusion criteria were:

informed consent, signed by the caregiver and by the patient starting at the age of 12;both genders;an age range from 3 to 14 years old;cases: admission with spontaneous or traumatic fractures, including from a trauma that had a strong impact and multiple traumas (collision, being run over, rolling over);controls: admission with trauma, but without current or past fractures;no primary bone disease, neoplasia, chronic kidney disease, endocrine disease, or malabsorption syndrome.

After selecting the patients, whose age was stratified into three groups (3-7 years old, 7-10 years old and 10-14 years old), a questionnaire designed by the authors was applied using interviews. Demographic (gender, age, ethnicity), social (number of children/adolescents in the household, smoking at home) and accident (location, time, cause) data were recorded. The estimated amount of milk intake (stratified at \<200 mL/day and ≥200 mL/ day), the use of glucocorticoids in the last 12 months (dose, duration, frequency and administration method), the presence of an associated disease (specifying it), and regular physical exercise were also checked. Physical exercise was defined as being regular when it was performed under the supervision of an instructor for at least two times a week and for at least three months.

The trauma and the fracture (in the cases) were described in detail. The presence of two or more fractured bones, even if they were on the same side, was considered a multiple fracture. The Landim and Nilsson scale, modified by Clark et al.,[@B18] was used to classify the intensity of the trauma.

When patients were immobilized to their bed, measuring body weight was limited. In these cases, the guardian's knowledge of the last recorded weight was used. However, for the vast majority of patients, body weight and height were measured on a Filizola scale (São Paulo, São Paulo, Brazil), with a coupled anthropometric ruler (model 31, n. 88,401, Indústrias Filizola S/A, São Paulo, São Paulo, Brazil). A metal metric tape measure, attached to the lower and lateral contours of the bed, was used to measure the length of those patients whose height was less than 1 m and who were confined to the bed. BMI was calculated by dividing the weight, in kilograms (kg), by the square of the height, in m, ie. kg/m^2^. The definition of obesity, being overweight, and the risk of being overweight was based on the BMI and Z scores of the World Health Organization (WHO).[@B19]

The probable embarrassment caused by the Tanner's pubertal stage evaluation in an emergency room or in an infirmary full of patients and their companions led to the elimination of this examination among the patients studied.

The collected data were gathered in spreadsheets (Excel) and subsequently transferred, tabulated and analyzed by the Statistical Package for the Social Sciences software (SPSS, IBM SPSS Statistics 22, for Windows, 2013). The descriptive analysis was carried out with cross-referenced tables in order to reveal the distribution of percentages and frequencies. For the inferential analysis, the chi-squared test was used to compare the proportion of the dichotomous outcome in the two groups, and the odds ratio (OR), in order to determine the strength of the association with the outcome. All of the ratios had a 95% confidence interval (95%CI). The p\<0.05 was considered to be indicative of a significant difference. The multivariate analysis, by logistic regression, was performed to verify the potential effects of the variables on the occurrence of fractures.

RESULTS
=======

In this study, 104 patients were included, 50 that had experienced a trauma and a fracture (cases) and 54 that had ­experienced a trauma but had no fracture (controls). Of the total, 84 (80.8%) were male and 42 (40.4%) were in the age group of 10 to 14 years old. [Table 1](#t5){ref-type="table"} shows the distribution of the main variables studied in the groups that had and did not have a fracture. [Table 2](#t6){ref-type="table"} shows the ORs that associate the main variables with the occurrence of a fracture.

Table 1:Demographic and clinical characteristics of the patients that did and did not have fractures.FracturesTotalp-valueYesNoAge Range3-7 years oldn92736\<0.001%0.180.50.347-10 years oldn121426%0.240.250.2510-14 years oldn291342%0.580.240.40GenderFemalen71320%0.140.240.19Malen434184%0.860.750.80Smoking in the householdYesn2117380.270%0.420.310.36Milk intake≥200 mL/dayn3135660.768%0.620.640.63Associated diseaseYesn1215270.664%0.240.270.25Previous glucocorticoid useYesn79160.709%0.140.160.15Physical exerciseYesn2110310.008%0.420.180.29Trauma classificationLight/moderaten2034540.019%0.400.620.51Severen302050%0.600.370.48Family history of fracturesYesn3133640.926%0.620.610.61BMIOverweight/obesen1414280.446%0.280.250.26Soda intake (mL/day)≥200 mL/dayn139220.244%0.260.160.21[^2]

Table 2:Association of risk factors with presence of fractures.OR95%CIPrevious use of glucocorticoidsYes0.8400.338-2.086No1.0320.876-1.215Physical ExerciseYes2.2681.187-0.93No0.7110.544-0.93GenderFemale0.5810.252-1.339Male1.1320.939-1.365Milk intake (mL/day)\<2001.080.650-1.791≥2000.9560.713-1.281Family history of fracturesYes1.0140.748-1.374No0.9770.600-1.59Soda intake (mL/day)\<2000.8880.724-1.087≥2001.5600.731-3.328Smoking in the householdYes1.3340.800-2.223No0.8460.628-1.139Associated diseaseYes0.8640.449-1.662No1.0520.838-1.32Trauma classificationLight/moderate0.6350.427-0.944Severe1.6201.069-2.453

The systemic use of GCs in the 12 months prior to the trauma was reported by 16 patients (15.4% of the total), of which seven had a fracture (14%) and nine had no fracture (16.7% of the controls). All of the patients had used corticosteroids in intermittent cycles for a maximum duration of seven days (most of them for five days), a cumulative dose of \<1 g / year, and mostly to treat asthma attacks. Three of them had used them for different reasons: one for urticaria, one for isolated rhinitis, and one for an upper respiratory tract infection. Only two patients had used continuous inhaled GCs, and one of them was in the fracture group. There was no statistical difference between the groups that did and did not have a fracture in relation to the use of steroids (p = 0.70), nor was there an increase in the risk for fracture in the group that used corticosteroids (OR 0.80 for fractures, 95%CI 0.34-2.09), as demonstrated in [Tables 1](#t5){ref-type="table"}, [2](#t6){ref-type="table"} and [3](#t7){ref-type="table"}.

Table 3:Chance of fractures according to previous use of glucocorticoids (GC).GC useFractureOR95%CIYesNoTotalYes0709160.840.338-2.086No4345881.0320.876-1.210Total5054104[^3]

Severe trauma was observed in six of the seven patients that had a fracture and had previously used GC, which could justify the occurrence of the fracture. Falls accounted for 59 of all accidents (56.7%), being run over by a motorcycle for 12, and accidents on a motorcycle for 10, totaling 22 occurrences (21.1%) involving this type vehicle among the patients studied. Accidents on bicycles affected 9 patients (8.6%), and accidents in cars affected 6 (5.8%). Three patients (2.9%) were run over by other vehicles (not motorcycles), animal aggression (being kicked) was reported in 3 individuals, and 2 (1.9%) were hit by a heavy object.

[Figure 1](#f2){ref-type="fig"} illustrates fracture sites in patients with and without prior GC use. The distal forearm was the site that was most fractured (19 patients in all), corresponding to 38% of the entire sample studied. The humerus was the second most fractured bone. The bones in the face, followed by the humerus, were the most affected among patients who had used GCs. Vertebral fractures occurred in three individuals, but only in the group that did not use GCs.

Figure 1:Topography of the fractures among the patients that used glucocorticoids and those that did not. Among the six that used glucocorticoids, three had fractures in two bones. Among the 43 that did not use steroids, 16 had a fracture in more than one bone.

The BMI assessment showed that 14 of the 50 patients with a fracture (28%) were above the Z +1 score (including being overweight and obese), but only three (6%) were above the Z +2 (obesity) score. Among those that did not have a fracture, 14 also had a BMI above +1 (25.9%), and of these, five (9.3%) were considered obese. The condition of being overweight /obese was recorded in 26.9% of the entire sample studied.

[Tables 1](#t5){ref-type="table"} and [2](#t6){ref-type="table"} also demonstrate that only the age group, the intensity of the trauma and the practice of physical exercise showed a statistically significant difference between the patients who did and did not have a fracture (p\<0.05). Physical exercise was associated with a double fracture risk (OR for fracture 2.26, 95%CI 1.19-4.33), as described in [Table 4](#t8){ref-type="table"}. It is worth noting that the fracture occurred during sports practice in 19% of those who practiced regular exercise, and the remaining 81% suffered from a fracture unrelated to the training.

Table 4:Chance of fractures according to regular physical activity (RPA).RPAFractureOR95%CIYesNoTotalYes2110312.2681.187-4.333No2944730.7120.544-0.931Total5054104[^4]

The multivariate analysis, by logistic regression was performed to verify the potential effects for the occurrence of fractures. It only revealed significance, however, for the age group and trauma severity variables.

DISCUSSION
==========

Chronic use and intermittent administration of systemic oral GCs have the potential to reduce bone mineral density, increasing the risk for fractures.[@B12] However, the occurrence of fractures has been more related to the continuous use of systemic GC for more than three months.[@B20] The relative risk of fracture increases with the dose and duration of corticosteroid treatment, but low daily values of prednisolone (2.5 mg) in repeated intermittent cycles may have a cumulative effect that is also harmful.[@B7] The GC-induced bone disease mainly affects the trabecular bone, explaining the high number of vertebral and rib fractures.[@B21]

A systematic review and meta-analysis covering the period from 1966-2013 found a small number of studies relating bone health in children with GCs, thus suggesting a higher prevalence of vertebral morphometric fractures.[@B22] Most of these studies evaluated patients with renal and rheumatological diseases that required continuous and prolonged use of the steroids. Our patients, however, only used systemic corticosteroids in intermittent cycles at a frequency of less than five times a year. Nonetheless, a large cohort study in English children found an increased risk of fractures, especially of the humerus, among those who used more than four cycles of oral GCs in the 12 months preceding the fracture.[@B23] However, the role of the severity of the underlying disease was not evident, and there was a lack of data on the nutritional status and physical activity of the children evaluated.

The purpose of this study was not to investigate vertebral compressive fractures. Meta-regression of randomized controlled clinical trials in adults found annual odds ratios of vertebral fractures between 2.4 and 8.2% in patients with recent continuous GC use (less than six months).[@B24] In the present investigation, bone densitometry was not performed. This examination could add more information about the bone structure of our patients. National research compared the bone mineral density of 16 girls with systemic lupus erythematosus and 32 healthy girls, and did not observe a correlation between the activity of the disease and the use of corticosteroids with the values of densitometry.[@B25]

The higher frequency of males among the patients studied is also reported in the scientific literature. National and international epidemiological studies are unanimous in relation to the predominance of boys among the injured, and among those who did and did not have fractures. This is probably due to the fact that boys put themselves at risk for accidents more often.[@B1] ^,^ [@B2] ^,^ [@B3] ^,^ [@B4] ^,^ [@B5] With regard to the age of the patients that had fractures, more than half were in the age group of 10 to 14 years old. This can be explained by the asynchronism between the pubertal growth spurt and the corresponding accumulation of bone mass, with relative bone weakening, which is also widely reported in the scientific literature.[@B1] ^,^ [@B2] ^,^ [@B4]

The predominance of falls among pediatric accidents is reported in several studies, [@B1] ^,^ [@B3] ^,^ [@B5] ^,^ [@B26] but it is worth noting that about 25% of the accidents involved motorcycles, a vehicle that is widely used in the region of origin of the patients evaluated, thus requiring specific preventive measures. The reason for the high frequency of severe traumas can be explained by the care profile of the analyzed hospital, which is a state reference in trauma care. However, Clark et al., in a large cohort of children, found that underlying bone fragility was associated with a greater risk for fractures, even in patients who suffered from moderate or severe trauma.[@B18]

Physical exercise gives greater autonomy to young people. However, despite the fact that it strengthens muscles and bones, it may lead to accidents. Nonetheless, this association, with a double fracture risk, may have been a chance finding, since no significance was observed in the multivariate analysis. On the other hand, a cohort of English children showed that vigorous and daily physical activity increases exposure to injuries and the occurrence of fractures, even when greater volumetric mineral density and bone size are found.[@B27]

This study had limitations that may compromise its results. The sample should have been 334 patients for an estimated error of 5% and a high sample power. However, our sample, with 104 patients, had a maximum estimated error of 9%. Thus, the population evaluated should have been larger, but the time available and the patients or guardians' refusal to participate in the research conducted in a trauma emergency room, made it difficult to obtain a greater number of patients. In addition, studies with a case-control design allow for the verification of associations, not necessarily causality. Cohorts with larger samples, followed by a longer study period, are more useful in establishing causal relationships.

Furthermore, the recall bias may have interfered in the results, even though it was minimized by a slow reading of the list of medications. A calibration bias may have occurred at two different moments. First, in the recording of the anthropometric data of the patients that were restricted to their bed and, second, in establishing the actual volume of milk ingested, since it is frequently diluted with water, not to mention there are variations in cup and mug volumes. Additionally, as already mentioned, due to the lack of a space designated for a physical pubertal evaluation, Tanner's staging was not performed. Finally, the search for vertebral fractures and the evaluation of bone densitometry among the patients studied was not performed due to operational difficulties, though it would add important information to our investigation.

Despite the limitations, this case-control study did not show greater GC use in children and adolescents that had fractures. Probably, a more robust population or cohort study of patients in treatment with repeated cycles of systemic corticosteroids or continuous therapy could better evaluate the risk of fractures.

Adolescents, especially boys, need to receive special attention in order to prevent accidents and fractures, especially with regard to falls and accidents with motorcycles. The practice of physical exercise among children and adolescents requires supervision, in addition to educational instruction to prevent accidents.
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